The purpose of this study was to evaluate salivary amylase activity (sAMY) as an indicator of the acute psychological effects of driving. The influence of the operation of a device not directly associated with driving was also estimated using a car navigation system. The psychological effects of driving were examined using sAMY analysis, oculomotor angle and subjective evaluation with a questionnaire, and the methods were compared. The change in sAMY over time was analysed before and during driving. The results indicate that the psychological effect of driving-induced stress, a condition that cannot be easily detected or recognized by a subjective evaluation, is quickly quantified using sAMY. Moreover, the results suggest that the operation of a non-driving-related device may also reduce the driver's capacity to concentrate on driving.
Introduction
Our society is becoming increasingly conscious of safety, and tries to predict and reduce human errors and accidents as far as possible. In order to minimize human error while driving, investigations have been undertaken to monitor stress or fatigue using field interviews, questionnaires 1 -3 and selfassessment devices. 4 Stimuli are initially detected by the sense organs, the information obtained from these is then transmitted to the brain, and this signal finally acts on the emotions. As a result, people may experience stress. Chronic stress may be one of the main causes of fatigue. 5 While driving, people sometimes feel stress when they respond to a dangerous situation by sudden steering or braking, when cautiously checking for the presence of obstacles on the road, or negotiating a sharp curve. Stress-related disorders have been widely recognized. 6 Several physical techniques, such as electroencephalography and electro-oculography 7 , measurement of blood pressure and heart rate 8 and electromyography, 9 have been performed to evaluate quantitatively the physiological effects of driving. These physical measurements do require the subject to be physically restrained, however.
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Chemical measurements for the quantification of physiological effects, based on a biochemical marker (biomarker) present in saliva, have also been investigated. 10 Sampling saliva has the advantage that it is non-invasive; this makes taking multiple samples both simple and unstressful. Catecholamines and cortisol have already been used as biomarkers for the quantitative evaluation of stress during driving. 11 However, there is a time lag, typically 20 -30 min after application of the stimuli, in the response of these hormones.
Large increases in salivary amylase activity (sAMY) and flow rates have been observed as a response to sympathetic activity by Speirs et al. 12 sAMY can be a useful index of plasma noradrenaline concentration under a variety of stressful conditions, since it appears that increased sympathetic nervous activity is a major stimulator of amylase secretion. 13, 14 Exercise 15 -18 and psychological stressors 19 -23 have been found to increase sAMY; only Morse et al. 24 reported that sAMY is increased during states of relaxation. We have previously proposed a new method to quantify sAMY and have manufactured a hand-held sAMY monitor. 25, 26 The time required for the collection of saliva is approximately 10 -30 s, and it then takes 30 s for analysis using the hand-held monitor; thus, a total of 1 min is sufficient to measure sAMY. This new method may be useful for the evaluation of acute psychological effects.
Since it is likely that investigation of these rapid responses and their relationship with stress using a real vehicle could be dangerous, it would be impossible, particularly from an ethical point of view, to evaluate driver stress by actually driving on the road. Instead, the use of a motor-vehicle driving simulator, consisting of a car passenger cabin, a large display monitor and driving simulation software, has recently been investigated in relation to fatigue and other physiological or behavioural variables. 4, 27, 28 The purpose of this study was to evaluate the usefulness of sAMY as an indicator of the acute psychological effects of driving using a driving simulator. The influence of the operation of a device not directly associated with driving was also estimated by the use of a car navigation device. The change in sAMY with time was analysed quantitatively using a hand-held sAMY monitor, before and during driving. In parallel, subjective evaluation using a questionnaire and measurement of oculomotor (eyeball movement) angle was conducted on each subject.
Subjects and methods

SUBJECTS
Healthy female adults in their early twenties, without any oral disease, were enrolled in this study. The women were chosen to provide a group of subjects with a low number of hours of driving experience. The study protocol was approved by the Ethical Committee of the Institutional Review Board of the University of Toyama, Medical Branch (Toyama, Japan). The study protocol was fully explained to all of the subjects, both orally and in writing, focusing specifically on the purpose of the study, the precise procedures that would be used and any possible adverse effects. Written, informed consent was obtained from each subject enrolled in the study.
MOTOR-VEHICLE DRIVING SIMULATOR
The driving simulator consisted of a car passenger cabin, a large display monitor and simulation software ( Fig. 1A) . Parts from a commercial motor vehicle with an engine size of 2000 -3000 cc were used for the driving unit (110 × 180 × 125 cm 3 ) ( Fig. 1B) . Participants simulated driving by operating the steering 1C ). The software used in the study allowed the participants to simulate driving around a simulated 1 km circuit with a 13 m wide road. The simulation, which was of a snow-covered road, produced conditions in which a sudden dramatic change in the direction of a vehicle body could occur due to skidding. This change in direction was recorded as the extent of the deviation from the centre of the simulated road, calculated as a ratio with respect to the base width (± 6.5 m from the centre of the road), and was displayed as a relative value from 0 to 1 (deviation ratio).
MEASUREMENTS
A hand-held sAMY monitor with a saliva transcription device had been constructed previously by the authors. 25, 26 This monitor consisted of a disposable test strip and an optical analyser (126 × 130 × 48 mm 3 ; weight 350 g), which was incorporated within an automatic saliva transcription device. The test strip consisted of a collecting sheet to which the collecting papers were attached and a holder to which a reagent paper was attached. A volume of 20 -30 μl of whole saliva was collected by placing the collecting paper under the tongue. When the automatic saliva transcription device was operated, the reagent paper attached to the collecting paper, resulting in the transfer of saliva from the collecting paper to the reagent paper. When the test strip was examined by the optical analyser, the analysis was automatically recorded and the sAMY value was shown on a display after completion of the measurement. A total of 1 min was sufficient to determine the sAMY. In this study, another person operated the monitor whilst the subject was driving.
An oculomotor (eyeball movement) angle reading was used as a physiological index of physical measurement. Three electrodes (Ambu, Copenhagen, Denmark) were placed 1 cm below the right temple (+), 1 cm above the left temple (-) and on the forehead (ground) for electro-oculography ( Fig. 1B) . 7, 29 A reference value was set at 0 V when the subject was sitting and looking straight ahead. The oculomotor angles to the right and left of ± 30° corresponded to ± 0.5 V.
In order to measure the psychological effect of driving, the subject completed a selfassessment questionnaire of their psychological state (Q 1 , before driving; Q 2 , after driving). This required the subject to score their state according to the seven adjectives: 'relaxed', 'fun', 'anxious', 'refreshed', 'stressed', 'uplifted' and 'tired', on the following scale: (1) strongly disagree; (2) somewhat disagree; (3) undecided; (4) somewhat agree; (5) strongly agree. The value of Q 2 -Q 1 was then calculated.
STUDY DESIGN
Subjects were not allowed any food or drink, except water, for 1 h before the start of the experiment.
Study 1 (driving)
Three electrodes were placed on the subject for the measurement of oculomotor angle. Subjects then evaluated their psychological state (Q 1 ). Initially, each subject adopted a sitting position for 5 min in order to measure the individual sAMY baseline (A 1 -A 3 , baseline period, Fig. 2 ). sAMY base was calculated as the mean of the three sAMY measurements taken during the baseline period (A 1 -A 3 ). The subject drove for 21 min using the simulator, and sAMY was measured every 3 min (a total of seven times) during this period (A 4 -A 10 , driving period, sAMY drive ). The oculomotor angle was measured continuously during the driving period. Immediately after the driving period, the subject completed the second psychological state questionnaire (Q 2 ). The subject was instructed to keep the car in the centre of the lane as much as they were able.
Study 2 (both driving and operating a navigation device)
As a comparison, the effect of operating a car navigation device (Sanyo Electric, Moriguchi, Japan), considered in this study to be a non-driving-related device, was also evaluated. The subject was instructed to input repeatedly a series of numeral digits 0 to 9 on the touch panel of a navigation device located in the car passenger cabin as frequently as possible. Using a method similar to that used in study 1, the subject simultaneously drove and operated the navigation device, whilst sAMY, deviation ratio and oculomotor angle were measured.
STATISTICAL ANALYSIS
Within-group comparisons were performed using paired Student's t-test (SPSS  14.0J; SPSS Japan, Tokyo, Japan). A P-value < 0.05 was considered statistically significant. Unless otherwise stated, all data are expressed as mean ± SD.
Results
Twenty female subjects (21.4 ± 1.0 years, range 20 -23 years) with a driving experience of 1.5 ± 0.7 years were enrolled in the study.
The differences between Q 1 and Q 2 in study 1 in the frequencies of the adjectives 'relaxed', 'fun', 'anxious', 'refreshed', 'stressed', 'uplifted' and 'tired' were -0.85 ± 1.04, -0.15 ± 0.93, -0.55 ± 0.76, -0.45 ± 1.05, 0.60 ± 1.14, 0.45 ± 0.94 and 0.70 ± 1.13, respectively. The differences between Q 1 and Q 2 in study 2 for the same seven adjectives were -1.00 ± 0.86, -0.05 ± 0.83, -0.10 ± 1.29, -0.15 ± 0.75, 0.70 ± 1.13, 0.45 ± 0.83 and 0.45 ± 0.76, respectively. The maximum difference between Q 1 and Q 2 was -1.00 ± 0.86 and this occurred in study 2. There were no significant differences in the adjective scores between Q 1 and Q 2 in either study.
The mean deviation ratios from the centre of the simulated road during driving in study 14 
FIGURE 2:
Evaluation protocol to determine the acute psychological effects of driving using a driving simulator. Q 1 and Q 2 refer to completion of the psychological state questionnaire before and after driving, respectively; A 1 -A 10 refer to sAMY measurements 1 and study 2 were 0.60 ± 0.08 and 0.63 ± 0.09, respectively (Fig. 3 ). No significant difference in the deviation ratio was observed between study 1 and study 2. Each data point (triangle) in Fig. 3 is the mean value of all the oculomotor angles recorded for an individual subject during a study. The two horizontal bars represent the mean of all the individual mean values of oculomotor angle in study 1 and study 2. All the individual mean values of oculomotor angle increased markedly in study 2 relative to that in study 1 ( Fig. 3 ; P < 0.05). The mean sAMY in the baseline period (A 1 -A 3 , sAMY base ) of study 1 ranged between 5.5 and 35.7 kU/l, with a mean of 15.7 kU/l for the 20 subjects. The mean sAMY during the driving period (A 4 -A 10 , sAMY drive ) of study 1 ranged between 6.1 and 54.6 kU/l, with a mean of 22.8 kU/l. The sAMY base for study 2 ranged between 6.7 and 40.0 kU/l, with a mean of 15.7 kU/l. The sAMY drive for study 2 ranged between 7.0 and 39.0 kU/l, with a mean of 20.5 kU/l. sAMY drive was significantly increased, compared with the sAMY base in both study 1 and study 2 (P < 0.05); the mean increases were 45.2 and 30.6% for study 1 and study 2, respectively (Fig. 4) .
The total frequency of input to the car navigation device during each study is shown as the input frequency in Fig. 5 . The correlation coefficient (r) between sAMY and the input frequency ranged from -0.86 to 0.73 in study 2. If the subjects are divided into three groups according to the value of this correlation, the group with a correlation above 0.3 (the positive-correlation group) included six subjects, the group with a correlation between -0.3 and +0.3 (noncorrelation group) included 11 subjects, and the group with a correlation below -0.3 (the 
Discussion
We concluded that the stress induced by 21 min of driving cannot be detected by subjective evaluation on a 5-point scale, because there were no significant differences in the adjective scores between Q 1 and Q 2 in either study 1 (driving) or study 2 (both driving and operating a navigation device).
A high mean deviation ratio (> 0.6) was observed in both studies. It was almost impossible for the subjects to keep the car in the centre of the road in the simulation setting of a snow-covered road. Physical measurement of the oculomotor angle was conducted in order to estimate the extent to which the operation of a device affected the driver. sAMY increased significantly during the driving period compared with the baseline period, suggesting activation of the sympathetic nervous system. This increase ranged between 30.6 and 45.2%.We suggest that sAMY could be a useful index of the acute psychological effect of driving a motor vehicle.
There were positive correlations between changes over time in sAMY values and input frequency to the car navigation device in approximately 30% of the subjects in study 2. This result suggests that the input operation might activate the sympathetic nervous system in a particular type of driver. No influence was observed in 55% of the subjects in this operation task. On the other hand, there was a negative correlation (below -0.3) in only 15% of the subjects, with a trend towards decreasing the input frequency, suggesting that these subjects Input frequency (number) M Yamaguchi, J Sakakima Evaluation of driver stress using a biomarker found it difficult to drive and operate a device at the same time. Sympathetic nervous activity is expected to be inactivated when mental concentration declines. These data suggest that operating a navigation system may reduce the driver's capacity to concentrate on driving. Consequently, it would be dangerous to undertake both tasks at the same time.
In conclusion, the acute psychological effect of driving a motor vehicle was rapidly and quantitatively evaluated using sAMY, but could not be assessed by subjective evaluation. Moreover, the results suggest that the effects induced by the operation of a non-driving-related device are reflected in sAMY and enable this method to be used to estimate the driver's capacity to concentrate on driving. Thus, evaluation of driver stress using a biomarker, such as sAMY, may be useful for improving the safety and security of drivers.
